Amplified spontaneous emissions of the K2 yellow and RbZ orange diffuse bands were observed from e-beam-excited mixtures of K/K, or Rb/Rb, vapor with argon buffer gas. The continuum spectra centered at 574 and 604 nm were attributed to triplet-triplet K, and RbZ 2311,-132z bound-free transitions, respectively. The dissociative recombination of Kz or Rbz is discussed as an efficient formation process of upper states by electron-beam pumping.
Diffuse bands, especially those of the alkali dimers, are interesting and important since they are primarily excimerlike electronic transitions. Because of inherent population inversions and relatively broad spectral ranges, they are potentially important in the development of continuously tunable excimer-type laser sources. ' The alkali-dimer diffuse bands have been observed from the ultraviolet to the infrared in several different ways.2 In particular, Bahns and Stwalley3 have reported an observation of small-signal gain in the violet band of Na2 by cw Kr+ laser pumping. Ii et al." have assigned the upper states of the Na, violet band using optical-optical double-resonance (OODR) spectroscopy. Recently, the Na, near-infrared bound-free emission ( 138: + 138,f) and amplified spontaneous emission (ASE) of the Na, violet diffuse band by electron-beam (e-beam) pumping have also been reported. 5'6 In this work, aimed at understanding the characteristics of the electrical excitation of such diffuse bands and achieving new tunable and high-power excimer lasers, we extended the work of Na, (Refs. 5 and 6) to Kz and Rb,. Here, we report the experimental observation of the Kz yellow-band and the Rb, orange-band emissions by e-beam excitation.
The experimental setup used in the present experiment is similar to that previously described. 5'6 The e beam, generated by a Febetron 706 installed with a velvet cathode, had a peak current of 4.5 kA, a beam diameter of 2.0 cm, a pulse width of 3 ns (full width at half maximum), and an electron particle energy of 500 keV. The e beam, confined by an externally applied 1.5 kG axial magnetic field, passed through the anode foil and a drifting section of 15 cm length filled with low-pressure helium, and injected into a heat pipe oven containing dense alkali vapor. The oven cell had a diameter of 4.5 cm, a total length of 100 cm, and an active length of 50 cm. The emission from the active zone was introduced into a spectrum multichannel analyzer (SMA) through a MgF? window at the forward end of the cell. The resolution of the SMA system was 0.12 nm/ channel with a 1200-grooves/mm grating used in the 0.3-m spectrometer. Figure 1 shows a typical K2 diffuse band fluorescence (lower trace) and an ASE spectrum (upper trace) observed in the range of 545-605 nm from the e-beam-excited Ar/K/K, vapor mixture. The Ar pressure was 200 Torr and the cell temperature was fixed at 450 "C. Spectra consisted of several sharp potassium atomic lines and a broad continuous molecular band. The fluorescence, spreading from 545 to 580 nm, shows good coincidence with that observed in optical excitations.'-' The broad emission was identified as Kz 2311,-4 1:X: transition,' which will be abbreviated as the K2 yellow band in the remaining part of this paper. The emission is centered at 574 nm, and the spectrum exhibits a 7-nm-wide peak. The peak position of the spectrum is slightly shorter than the previous observations.'-' One of the pronounced features of the broad diffuse band in the 545-580~run region is that it is blue shaded. Moreover, a strong enhancement of the 574-nm emission and a spectral narrowing were observed at a higher pumping density. The apparent feature of the ASE has been obtained without any optical feedback when the excitation energy density exceeded 5 mJ/cm3. The amplified emission in the 574-nm emission was obtained in Ar/ K/K2 mixtures at an Ar pressure higher than 100 Torr and K vapor pressure between 1 and 10 Torr. Although the yellow-band emission is also present when the e beam is used to excite a He/K vapor mixture, the He/K mixture did not exhibit the stimulated-emission phenomenon in the present pressure range investigated. This is explained by assuming that the population density of the 2311, state is lower than that of the At-/K vapor mixture, because the stopping power of the He buffer gas is much lower than that of the Ar buffer gas.
The Franck-Condon factors of K, 2311,-+ 13Cz emissions for the J= 50 rotational state, which is the most probable value for a temperature of 450 "C, have been calculated using the ab initio potentials.'Oz'l For the 13H$ state, the potential data are obtained from a recent result by Krauss and Stevens," which is in good agreement with the recent experimental observation by Li et al. '* The potential of the 2311, state is given by Jeung and Ross" and was shifted up 320 cm-' to adjust for the difference in the dissociation limit of ground state.
Even though the binding energy of the 13Xz state is very small (258 cm ~ ' ), about 15 discrete vibrational levels are found. The potential minima of the 2311, state is located at 10.5 bohrs, almost the same as that of the I?$$ state. Therefore, the transitions from the upper state will end at I the lower vibrational levels of the 138,f state. From the calculations, it is clear that the bound-bound emissions are important for the first three levels of the 2311, state. This result is illustrated in Fig. 2 (a) , where the Franck-Condon densities (FCDs) of the v'=O-5 progressions are plotted as functions of wavelength. The discrete FCD is extrapolated smoothly to the bound-free emission at the wavelength corresponding to the dissociation limit. The calculations for the bound-free part of the 2311,-+ 138z transition are shown in Fig. 2(b) . The results show that dominant transitions from the ~'23 levels will terminate to the 138z continuum, especially for higher vibrational levels of the 2311, state. Figures 2(a) and 2(b) also serve to illustrate overlaps of the vibrational progressions. Figure 3 shows a simulated spectrum of K, 2311,~+ 132,f band by taking into account the lower 15 vibrational levels of the 2311, state. The population distribution of the vibrational states was assumed to be nonthermal, and to be a linear surprisal distribution.6 It was clearly exhibited that the 23II,-+ 138z transition has a main peak near 575 nm, and has a broad blue-shaded diffuse feature in the 545-580-nm region, both of which are in good agreement with the observed spectrum. It should be noted that the observed 23II,-+ 138,$ spectrum includes the overlap of the bound-bound and bound-free transitions, and consists of many transitions originating from various vibrational levels of the 2311, state, because of a nonselective excitation by the e beam. By comparing Figs. 3 and 1, one can see that the broad blue-shaded band extending from 545 to 590 nm corresponds to Kz 2311,+ 138z transitions.
We also measured the potassium density dependence of the intensity of the yellow-band emission by changing the oven cell temperature from 265 to 500 "C (corresponding to K vapor pressures of 0.2-28.0 Tori-). The intensity of the fluorescence increased with the temperature of the heat pipe oven up to 500 "C (in an Ar pressure region of 100-700 Tori-), but the maximum yellow-band ASE was observed at a temperature of 450 "C! (corresponding to a K vapor pressure of 11 Torr) and the Ar buffer gas pressure of 200 Torr. orescence spectrum is centered at 604 nm, and a weaker peak is observed at 601 nm in the case of Ar buffer gas. However, the peak at 601 nm has the largest intensity for e-beam-excited He/Rb/Rbz mixtures. The orange-band fluorescence in 605-580 nm also shows a blue-shaded shape similar to the K2 yellow band. The behavior of the transition in the 604~nm region was investigated as a function of the excitation energy density by varying the input electron energy. The broad ASE from 600 to 620 nm was observed without resonators when the excitation energy density exceeded 4 mJ/cm3 and Rb vapor pressure was between 1 and 10 Torr.
It is proposed that the high population density of the 23H, state is due to the dissociative recombination of K$ or Rb$, which is efficiently yielded by the e-beam excitation.
The ground-state bond energy of alkali trimer ions (A$, A = Na, K, or Rb) is expected to be very large.r3 The recent ab initio calculation14 for the electronic state of Na$ indicates that all of the three lowest electronic states of Na? are stable with respect to dissociations into Na$ (X22: ) + Na( 3s) and Na,(X'B: > + Na+. The bonding energy of the ground-state 1.136 eV is much larger than that of the Na, (0.289 eV),t4 and even larger than that of the sodium dimer: D,(Naz) =0.747 eV (Ref. 15) and D,(Naz) =0.986 eV.t6 On the other hand, as is well known, alkali ions can be generated by high-energy electron impact and by Penning ionization. Although A+ or A.$ is initially formed, A:, having low energy compared to A+ and A$, should constitute a "sink" for ionization. This is the origin of the abrupt change in the ionization potential of A,, (for small n) .
For these reasons, the formation of Kc or Rb$ should have a larger probability in the heat pipe oven. l7 Therefore, we predict that the high density of alkali trimer ions is created in the present experiment. Finally, for the formation mechanism of the diffuse bands, the dissociative recombination is proposed as a main channel for the 231T, state production:
Because the reaction energy difference AE is 0.03 eV for Na (Ref. 13) and 0.28 eV for K,18,19 this reaction is near resonant in reaction energies. Process ( 1) is predicted to have large cross sections. Thus, the upper state of such a specific excimer transition may be produced selectively by this reaction kinetics following a very nonselective ionization. For this reason, the potential alkali dimer 23HI,+ 132z laser might be very suitable for electrically pumping. Hopefully, tunable violet, orange, and yellow extimer lasers may be realized by the use of such an effective excitation process.
In conclusion, we report for the first time an observation of the K2 yellow and Rbz orange diffuse bands by e-beam pumping. The strong continuum emissions centered at 574 and 604 nm are attributed to the 2311,-+ 138z bound-free transitions of Kz and Rbz, respectively. Taking into account the variation in sensitivity of the detector, a rough intensity calibration for the 574-nm wavelength region was obtained. For the pumping intensity of 5 mJ/cm3 and K vapor density of 10t6/cm3, an approximate low limit of the gain was estimated to be 0.02 cm-', which corresponded to the population density of 1014/cm3 produced in the observable volume.
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